Introduction
In the 1970s, hepatic resections were still associated with substantial operative mortality (20% for major hepatectomies) with a haemorrhage representing the cause of death in 20% of patients. 1 Several studies have so far demonstrated that a haemorrhage and the need for a transfusion not only adversely affect peri-operative outcome 2, 3 but also the long-term prognosis of patients undergoing a hepatectomy for primary or secondary malignancies. [4] [5] [6] Advances in peri-operative management, surgical technique and imaging tools have substantially decreased the risk of intra-operative haemorrhage and the need for a blood transfusion over the past three decades. [7] [8] [9] [10] [11] This progress has contributed to the markedly improved outcome of patients undergoing a hepatic resection and high-volumes centres currently report mortality rates below 5%. 2, 8, 12, 13 While elective hepatic resection can nowadays be carried out safely with various transection devices 14 even without routine use of inflow control, 15 post-hepatectomy haemorrhage (PHH) remains an important cause of postoperative morbidity. PHH may require transfusion of packed red blood cells (PRBC), surgical revision and in severe cases might still result in a fatal outcome.
The reported incidence of PHH varies considerably among published studies from 1-8%. 2, 12, 16, 17 Differences in the assessed patient populations as well as surgical and peri-operative management are considered to contribute to the discrepancy in PHH incidence. A major reason for this reported variation may, however, be the lack of a standardized definition and severity grading of this complication resulting in heterogeneous reporting within scientific reports. Moreover, a generally accepted definition of PHH forms the prerequisite for valid comparison of the results from different studies, is thereby helpful to clinicians in evidencebased decision-making and allows for the audit of surgical practice. The importance of uniform definitions of outcome parameters has been highlighted and consensus definitions have been proposed for complications in pancreatic [18] [19] [20] and rectal surgery. 21 These definitions have been adopted increasingly by clinicians to report their complications and it can be assumed that they will strongly facilitate comparisons of studies in the future.
Recently, the International Study Group of Liver Surgery (ISGLS) has been convened to develop uniform definitions of major complications after hepatic surgery. Consensus definitions of post-hepatectomy liver failure and bile leakage after hepatic surgery have already been published. 22, 23 In the present study, the consensus definition and grading of severity of PHH is presented with the ultimate goal to standardize reporting of complications in the hepatic surgery literature.
Patients and methods

Literature search
A literature search was performed of the Medline database (Pubmed). Clinical studies on hepatic surgery that were published in the twelve leading surgical journals within the past 5 years were reviewed to evaluate, whether a uniform definition of PHH had already been established among hepatobiliary surgeons and to assess the variability of applied definitions, respectively. The search strategy consisted of combinations of the following search terms: 'liver/hepatic resection' , 'hepatectomy' , 'complications' , 'morbidity' , 'mortality, 'haemorrhage' and 'bleeding' . The search was limited to studies on humans that were published in English. While studies on haemorrhage after liver transplantation were excluded, there were no restrictions regarding the indication for a hepatectomy, the underlying status of the liver, or the applied abdominal access (i.e. open or laparoscopic hepatectomy). Reference lists of identified studies were screened manually for additional relevant studies.
Study group
The ISGLS was convened. This group included hepatobiliary surgeons from well-known, high-volume centres with extensive scientific and clinical expertise in the field of hepatic surgery. Drafts of the definition and severity grading of PHH were sent to the ISGLS members for critical review beginning in August 2008. The revised versions of the definition were re-circulated among the members for approval and further comments. At a consensus meeting that was held during the annual meeting of the Australian and New Zealand Hepatic, Pancreatic and Biliary Association Inc (ANZHPBA) at the Sunshine Coast, Queensland, Australia in October, 2008, the proposed definition and grading of PHH was discussed in detail. The members of the study group agreed on using actual patient data (i.e. regular systemic haemoglobin levels after a hepatic resection) for a valid definition of PHH. The first revision of the manuscript considering data on the post-operative course of haemoglobin levels after a hepatic resection in a large set of patients was sent to the members of the study group in November 2009. After the comments of all authors were considered, a second revision was sent to the members of the ISGLS in February 2010. The final version of the manuscript was re-circulated among the authors for approval in March 2010.
Results
Available definitions
The terms 'bleeding' and 'haemorrhage' were most commonly applied to report post-operative blood loss after a hepatic resection. To standardize reporting of this complication and to express its relation to hepatectomy, the term post-hepatectomy haemorrhage (PHH) was suggested.
There is no generally accepted and applied definition of the complication of PHH as indicated by the systematic search of the hepatic surgery literature (Table 1) . While the majority of authors did not actually specify this complication, the definitions in the remaining reports varied considerably. In most cases 'clinically significant' PHH was reported as a haemorrhage requiring a minimum amount of PRBCs and surgical revision, respectively. None of the identified studies provided a grading of the severity of PHH. The minimum number of PRBC units that had to be transfused to fulfil the criteria of PHH varied from 1-4 units. In 1994, a proposal for the definition and classification of negative outcomes in solid organ transplantation was published. 38 The authors suggested a system of classifying complications consisting of four grades with subunits. Within this classification post-operative bleeding requiring three or less units of PRBC was staged as grade 1 complication, whereas transfusion of more than three units of PRBC resulted in grade 2a. Subsequently, a classification system of surgical complications in general was published. 39 There is, however, no generally accepted, specific definition of PHH as a major complication after a hepatic resection.
Consensus definition of post-hepatectomy haemorrhage
A thorough analysis of post-operative laboratory values in patients undergoing hepatic resection revealed very little fluctuation of post-operative haemoglobin levels. 40 Considering the regular post-operative course of haemoglobin levels, PHH should be defined as a drop in haemoglobin level >3 g/dl post-operatively compared with post-operative baseline level (i.e. haemoglobin level immediately after surgery) and/or any post-operative transfusion of PRBCs for a falling haemoglobin and/or the need for invasive re-intervention (e.g. embolization or re-laparotomy) to stop bleeding. For the diagnosis of PHH (and to exclude other sources of haemorrhage), evidence of intra-abdominal bleeding should be obtained such as substantial blood loss via the abdominal drains if available (e.g. haemoglobin level in drain fluid >3 g/ dl) or detection of an intra-abdominal haematoma or active haemorrhage by abdominal imaging [ultrasound, computed tomography (CT) and angiography]. Patients who are transfused immediately post-operatively for intra-operative blood loss by a maximum of two units of PRBCs are not considered to have PHH (i.e. no evidence of active haemorrhage).
Grading
The present definition should be applied to diagnose the complication of PHH. This definition includes all clinical presentations of PHH ranging from asymptomatic haemorrhage to lifethreatening conditions. For reporting of PHH, an additional grading system is proposed, which stages PHH into three grades (Grade A, B and C) based on the clinical management required to control the haemorrhage (Table 2) .
Post-hepatectomy haemorrhage Grade A PHH should be classified as grade A, if it can be managed with minimal transfusion requirements (i.e. Յ2 units of PRBCs). The blood loss in these patients results in a limited drop in haemoglobin. These patients can be treated successfully with transient discontinuation of anticoagulation, intravenous fluid therapy and transfusion of PRBCs. Transfusion of PRBC should, however, not only depend on actual blood loss but also on the patient's age and comorbidities, in particular, the presence of coronary artery disease. In general, patients with PHH grade A do not develop clinical symptoms and can usually be managed on a regular ward. The hospital stay of these patients is usually not prolonged.
Post-hepatectomy haemorrhage Grade B Grade B PHH should be defined as a haemorrhage that requires transfusion of more than two units of PRBCs. In addition to Post-hepatectomy haemorrhage Grade C Patients developing PHH grade C are in a life-threatening condition requiring radiological interventional treatment (such as embolization) or re-laparotomy to control the bleeding. The clinical presentation of these patients includes blood loss via intraabdominal drains (if present) in combination with a drop in the haemoglobin level > 3 mg/dl (compared with the first postoperative value). However, owing to blood clots obstructing the drains, patients with PHH Grade B/C may also present with abdominal pain or distension and low drain output. Patients with PHH Grade C may be haemodynamically unstable requiring treatment with vasopressors in addition to fluid therapy. In severe cases, development of (multi-) organ failure and hypovolemic shock may occur. These patients are transferred to an intensive care unit. The hospital stay of these patients is prolonged. Table 3 summarizes the clinical characteristics of patients diagnosed with different grades of PHH.
Validation of the definition and grading of post-hepatectomy haemorrhage
The present definition and grading of severity of PHH was applied to patients who underwent liver resection at the Department of General, Visceral and Transplantation Surgery, University of Heidelberg, Germany. A total of 835 patients who were operated between January 2002 and January 2008 were included in this analysis. Twenty-eight (3%) patients were diagnosed with the complication of PHH. Of these, four (14%) patients fulfilled the proposed criteria of PHH Grade A. PHH Grade B was diagnosed in 12 (43%) patients who underwent a change in their clinical management. Finally, 12 (43%) patients underwent invasive re-intervention owing to PHH and were therefore classified as having Grade C PHH. 40 In the analysis of all patients who underwent a hepatic resection transfusion of up to two units of PRBCs was associated with an in-hospital mortality rate of 1.4% (10 of 733 patients), whereas it was 25.2% (26 of 102 patients) for patients who received more than two units of RPBCs was (P < 0.0001; Fisher's exact test). The in-hospital mortality associated with PHH Grade A, B and C was 0%, 17% (n = 2) and 50% (n = 6), respectively.
Discussion
There is increasing awareness of the importance and value of generating uniform definitions of outcome parameters to enable reliable comparison of the results from different studies and ultimately to provide patients with the best available therapy. Although the mortality of patients undergoing a hepatic resection has been reduced substantially within the past two decades, morbidity rates remain high and still account for 30-45%. 2, 8, 13, 17 The reasons for the persistently high morbidity remain subject to discussion and may, in part, be explained by changes in the population of patients undergoing hepatic surgery such as a higher proportion of patients with advanced disease, significant comorbidities and/or previous chemotherapy. Standardized definitions of major complications are required to evaluate advances in surgical technique and peri-operative care that might potentially reduce peri-operative morbidity. The most relevant procedurespecific complications after a hepatic resection are posthepatectomy liver failure, bile leakage and PHH. Consensus definitions for the diagnosis and severity grading of posthepatectomy liver failure and bile leakage after hepatic resection have recently been published. 22, 23 While a standardized definition and severity grading of post-pancreatectomy haemorrhage has already been suggested, 20 a uniform definition of PHH has been lacking as confirmed by our systematic literature search. There is a wide range of descriptions of the complication of PHH within published studies, whereas in the majority of articles no definition of PHH was mentioned. The present consensus definition of PHH represents the first attempt to standardize the diagnosis of this complication for academic as well as routine clinical application. We suggest defining PHH as a drop in haemoglobin level >3 g/dl post-operatively compared with the post-operative baseline haemoglobin level. Furthermore, PHH should be diagnosed in cases requiring a postoperative transfusion of PRBCs for a falling haemoglobin and/or the need for radiological intervention (such as embolization) and/or re-laparotomy to stop bleeding. The diagnosis of PHH requires evidence of intra-abdominal bleeding, that may be present either as blood loss via the abdominal drains or detection of an intra-abdominal haematoma or an active haemorrhage by abdominal imaging (ultrasound, CT and angiography). Other sources of haemorrhage should be ruled out. Patients who do not have evidence of an active haemorrhage (e.g. falling haemoglobin, blood loss via abdominal drain or on imaging) and who receive a transfusion immediately post-operatively as a result of intraoperative blood loss by a maximum of two units of PRBCs are not considered to have PHH.
The post-operative drop in haemoglobin to define PHH is controversial. The present proposal to define PHH as a drop in haemoglobin >3 g/dl was based on an extensive analysis of the regular post-operative course of systemic haemoglobin after hepatic resection. 40 As the present study included patients who received no blood transfusion post-operatively and had an uneventful postoperative course, it demonstrated the natural kinetics of postoperative haemoglobin levels. As already shown in a smaller previous study, 41 this analysis revealed only very little fluctuation of systemic haemoglobin levels during the post-operative course including the initial post-operative period. Thus a drop of 3 g/dl displays a significant haemorrhage that is usually not confounded by haemodilution and measurement inaccuracies (in particular for blood gas analyses). It should, however, be noted that when a haemorrhage is noticed early (e.g. by blood loss via abdominal drains) and a transfusion is started shortly thereafter, the drop in haemoglobin might not reach 3 g/dl. To consider this scenario, patients receiving a post-operative transfusion for a falling haemoglobin are also diagnosed with PHH.
The severity of PHH may vary from asymptomatic bleeding to life-threatening conditions. While most of the identified definitions applied in published studies included a clinical criterion to diagnose PHH, none of these provided a classification system of the severity of PHH. To describe more precisely the severity of PHH, we propose a grading system incorporating the impact of this complication on patients' clinical management. On the basis of the proposed definition of PHH, asymptomatic patients who can be managed with a minimal amount of blood transfusion (i.e. Յ2 units of PRBCs) are categorized as having Grade A PHH, whereas those patients requiring >2 units of PRBCs and may be managed without invasive therapy are diagnosed with Grade B PHH. Finally, those patients who require radiological intervention or re-laparotomy owing to PHH fulfil the criteria for Grade C. As opposed to the definition of post-pancreatectomy haemorrhage the present definition and grading of severity of PHH does not include the time of onset and the location of bleeding. Although it is accepted that the time of onset (e.g. early vs. late) and location of bleeding (e.g. cut surface vs. hilar vasculature) may be used to describe and characterize PHH, we deliberately did not incorporate these variables into our proposal in an attempt to develop a rather simple definition. The proposed grading system reflects the severity of the haemorrhage as indicated by the amount of blood transfusion and need for invasive therapy. This approach, moreover, implies potential adverse effects of the required therapy. A blood transfusion has been demonstrated as a risk factor for perioperative morbidity 3 and for poor long-term survival in patients with malignancy. 42, 43 Invasive therapy exposes patients to the risks of further complications. Moreover, the approach to grade the severity of PHH based on the clinical sequelae is in line with the grading of other complications [18] [19] [20] [21] as well as a general classification of operative complications. 38, 39 From a clinical point of view we are therefore convinced that the impact of a haemorrhage on a patient's management is of primary relevance to the patient and the surgeon and should be used to grade the severity of PHH. In our view the proposed definition and grading of severity of PHH should not be used in lieu of available general classifications of surgical complications but in addition to these to enable a more accurate description of the adverse events occurred.
The present proposal for the definition and severity grading of PHH is simple to use and easily applicable to patients undergoing a hepatic resection. Furthermore, the reporting of PHH according to the present proposal is reproducible and thus suitable for application within prospective and retrospective clinical studies. It was a primary objective of the members of the study group to agree upon a definition using parameters that are applied routinely in clinical practice. It was a further intention to limit the use of laboratory values and quantitative parameters for the diagnosis and severity grading of PHH as far as possible. For this and practical reasons, the haemoglobin level in the drain fluid was not incorporated as a mandatory component of the diagnosis of PHH. We are well aware that the proposed thresholds of the amount of transfused PRBCs are only a suggestion and the consequences on clinical management are subject to the executing physician's decision-making on the individual patient. In particular, there remains debate on the optimal management of patients who develop a delayed massive haemorrhage. Angiography with the intention of performing embolization might offer a minimally invasive treatment option to avoid further surgery. However, an analysis of 1010 patients who underwent pancreatic and biliary surgery at a single institution revealed that only a minority of patients were treated with embolization and the authors reported aggressive surgical intervention as the reference therapy for patients with delayed massive haemorrhage. 44 A recent study on 351 patients who underwent surgery for malignant pancreatobiliary disease suggested transarterial embolization as a useful treatment option, if performed distal to the common hepatic artery or actually to the common hepatic artery when there is sufficient collateral hepatic blood flow. 28 As a further strategy patients may undergo angiography with prophylactic placement of a stent before re-laparotomy to treat the underlying cause of haemorrhage (e.g. bile leakage) and evacuation of intraabdominal haematoma, respectively. As in the current proposal, radiological intervention or re-laparaotomy define patients with Grade C PHH, this discussion does not affect the applicability of our proposed grading system.
The present standardized definition should substantially unify reporting of PHH in the hepatic surgery literature while enabling comparison and pooling of the results from different studies. It is recommended to use the proposed classification and grading system in all future studies dealing with hepatic resections. However, further studies providing prospective validation of the proposed definition and grading of severity of PHH are required to achieve higher levels of validation.
